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ABSTRACT

This study analyzes factors influencing undergrospace development and utilization in urban centetgch will
play an important role in ensuring that the devetgmt of underground space resources in China udsgrters is
scientific, rational and effective. In this pap#te author points out that climate, geological citioths, economy,
metro, important historical events and laws andulagons are important factors influencing undergnal space
development and utilization in urban centers; systgcally analyzes the functional mechanism of dactor and
carries out case studies; puts forward the conadptievelopment coefficient, which is used to evalwd the
factors’ comprehensive influence on undergroundcepdevelopment and utilization in urban centergues on
establishing an analysis and evaluation model ahpmhensive influence from all factors; suggestsuse
development coefficient to evaluate undergroundcepdevelopment and utilization level in urban ceste
guantifies the effect of each factor on undergrospdce development in urban centers through maaellation;
makes calculations by using actual data obtainedNamjing Xinjiekou, and gets the final evaluaticesults of
underground space development level in Xinjiekou.
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INTRODUCTION

At present, there are great disparities in the ldgveent and utilization of underground space resemin different
cities in China. Among the cities that have devetbheir underground space, most are confined ¢erdealized
construction of individual projects and only lay mmasis on individual benefit. As a result, undeogeb space
planning lags behind, leading to the fact that eyr@und space planning is completely divorced fromderground
space planning, thus wasting more space resouttieh are already rare in quantity.

Against this background, to study factors influegciunderground space development and utilizatiomrban
centers will be of great importance in ensuring tha development of underground space resourc€giima urban
centers is scientific[1] rational and effective.

The research object is the factors influencing wna@eind space development and utilization in urbanters.
Underground space in urban centers mainly referstterground public activity space and traffic spat urban
centers, including underground business, culturatl aecreational facilities, underground walkwaysd an
underground parking etc. Underground space devedopin urban centers is a complicated process tacahi be
influenced by many factors, such as natural fadgtmtiding climate, geological conditions and natural factors
including politics, economy, culture ideology, ptation density, surface building capacity, trafficpportant
historical events, laws and regulations and teagyjR]. It covers a wide range of areas, therefbesed on study
of several successful cases about underground sfa@dopment in urban centers, this research fecosesix
factors: climate, geological conditions, econonmypoértant historical events, metro and laws and legiguns. The
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effect of each factor on underground space devedoprin urban centers and their functional mechanism
analyzed. In this way, the factors influencing wgdeund space development and utilization in urbanters are
analyzed in a systematic way, thus ensuring thatd#velopment of underground space resources imaGlrban
centers is scientific, rational and effective.

STUDY OF DEVELOPMENT COEFFICIENT OF COMPREHENSIVE INFLUENCE FACTOR OF
UNDERGROUND SPACE DEVELOPMENT IN URBAN CENTERS

2.1 Definition of Development Coefficient

Effect of the six factors (climate, geological cdimhs, economy, important historical events, metral laws and
regulations) on underground space developmentharucenters is a consequence of their combinednackhese
factors interact with each other and condition eattier, resulting in a complicated comprehensiiei@émce factor.
The effect of this comprehensive influence factorusban centers underground space developmentsstandhe
development level [3]. To facilitate quantitativ@aulation, development coefficient is used an intbeevaluate the
development level. Development coefficient equdle tatio between total volume of underground space
development in a region and the area of this regiater the same unit of measure [4]. It is a dinmess index.
Larger development coefficient means that undemgiapace has higher development level and mordajewent
potential.

2.2 Establishment of Comprehensive Influence Fataidysis Model

To quantify the effect of each factor in macroscoptope, this paper, on the basis of quantificatioeory,
establishes a comprehensive influence factor cirudenters underground space development, namedjogenent
coefficient analysis and evaluation model. Factofsiencing the development coefficient are categpat into 6
types: climate, geological conditions, economy, rmeitmportant historical events and laws and retjuia. Each
type of factors contains several items.

Factor 1: climate, 2 items: ordinary or awful;

Factor 2: geological conditions, 2 items: good ahimary;

Factor 3: economy, 2 items: per capita income b&6y000 RMB or above 40,000 RMB;

Factor 4: metro, 2 items: with or without metro;

Factor 5: important historical events, 2 items:hwitt important historical events in recent periodvith important
historical events in recent period;

Factor 6: laws and regulations, 2 items: unsounelatively sound.

Each factor will have varying degrees of effectwwhan centers underground space development deefficThe
weight coefficient of each factor is determined@ading to quantification theory, so that the evémavalue of
development coefficient can be expressed as arlowrabination of all the factors’ weights and cleesistic values,
namely:

i=1 j=1

In the expressiorny is the evaluation value of development coeffiqierfu is the weight of ltem] in Factor i ;

)

ij is the characteristic value of ltenh in Factor i . The value is assigned as 1 if belonging to tlgofaor is

assigned as O if not,ki is the number of term of Factor ; /i is the class number of factors influencing the
development coefficient.

This expression is the final development coeffitemalysis and evaluation model. It is obvious thatkey point in
the model establishment lies in how to decide tb@hts.

2.3 Determination of Weights

Weight is used to measure the effect of each itarthe development coefficient. If we calculate Weight based
on the actual statistics, we can regard that thaergnound space development of the selected urbaters is
undergoing continuous development under the inflaeof the above 6 types of factors [5]. After geftiarge
guantities of statistic data, we can start to deitee the weights.

Several cities are randomly selected as samplesxomplen cities, B (p=1,2,...... n).
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According to Expression (1), we can obtain the tagcal evaluation valu€”™» of the development coefficient for
each city. It can be expressed as:

. Kj
GZZZ fi 9
i=1 j=1
(p=1,2,...... ,n) (2

in which, fij is the weight to be calculated in Expression (QE); is the characteristic value of City namely:

1 Itemjin Factori of City p is positive
pij —
0 Itemi in Factori of Citv pis neaativi ©)

We calculate the least square estimationfpfaccording to the principle of least squares ineorih obtain the
minimal value of the following expression:

p=1 p=1 i=1 j=1

9=¢ :i[ﬁp 3314, j

Therefore, we calculate the partial derivativeqofith respect tof

following:

aq n no K I =1|21"' /7 (4)
- - fo. 16, =0 ’
af Z(ﬂp ZZ ij pl]] plm {m=1,2,“' ’kj

Im p=1 j

m and make it equal to 0, so we can obtain the

i=1 j=1

As long as we make the expression clear, we caa ggstem of linear equations with as unknown.

n 1% n 1=1,2,..
222 5% %m =2 BoOum { —e ©)
p=1

p=l i=1 j=1 m:lz,...’K
As long as we solve the system of equations, weob#ain the value df , so that the analysis and evaluation model
is completely determined.

2.4 Model Verification
After the calculation of least square estimati¢re, tmodel can be verified using the multiple cotietacoefficient

Yas  (namely the sample correlation coefficient betwegnandB). It can be calculated as:

(6)

In this expression, large¥ss means better accuracy of the model.

Three methods can be used to measure the effexabf factor on development coefficient: coefficiehpartial
correlation, variance ratio and scope [6]. As atenabf experience, variance ratio is the most blgtanethod.
Therefore, variance ratio is used in this resetoalerify the effect of each factor on developmesefficient:

o Zi:(ap—a)z _
*:'21772 i=1,2,--n, (7)
7> (8,-B)
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K;

Z f'l 6PU

In the expression.® & (P=12:-ni=12 ) js the quantitative data of Facidan City p.

PRACTICAL CALCULATION

3.1 Model Calculation

In this paper, relevant data from 12 urban centees selected as the calculation sample includinginge
Wangfujing, Shanghai Jing'an Si, Shenzhen CBD [angzhou Qianjiang New District CBD, Zhengzhou
Zhengdong New District CBD, Beijing Zhongguancun[&uzhou New District CBD, Qingdao CBD, Yiwu
international business district, Tangshan airporecarea[9], Wuhan Wangjiadun business center aamg#hou
Binjiang CBD (Table 1) [10]. Then we can obtain ghare of each factor in China urban center undaergt space
development. On this basis, the author takes Ngnfinjiekou as an example to calculate the evatuatialue of
development coefficient and decide the developrexet here.

First, according to the above steps, we can caktite weights fy through programming. Then we substitute them
in Expression (1) and get the final analysis aralwation model of development coefficient:

a=0.05, +0.285486,,+ 0.083%,+ ®BQ,+ 0.456867+ @),
+0.05,, + 0.141608,,+ 08+ 0.149784,+ GQ+ 0.076342 (g)

In the expression,51j-52w5sj 04 .95 .05 stand for the characteristic values of climateplggical conditions,
economy, metro, important historical events andsland regulations respectively.

Table 1 Relevant Data from 12 Chinese Cities

. . Geological Economy (Per Capit Important Laws and Development

City Climate Conditions GDP: yuan) Metro Historical Events Regulations Coefficient
Beijing Wangfujing awful good 58204 with  with relagly sound 0.36
Shanghai Jing'an Si ordinarygood 66367 with  with latigely sound 0.87
Shenzhen CBD awful good 79645 with  without unsound 0.58
Hangzhou Qianjiang Ne_ .. . . . .
District CBD ordinaryordinary 61258 with  without relatively saln 0.52
Zhengzhou Zhengdong N . . .
District CBD ordinarygood 40617 with  without unsound 0.8
Beijing Zhongguancun awful good 58204 withoutwith relatively sound 1
Quzhou New District CBD  awful ordinary 15740 withoutwithout unsound 0.14
Qingdao CBD ordinaryordinary 38892 with  with unsdun 0.63
;(;;\;:Ctmternatlonal busmeordinarygoool 59144 withoutwithout unsound 0.95
Tangshan airport core area  awful ordinary 37734  withouiwithout unsound 0.24
Hangzhou Binjiang CBD ordinaryordinary 61258 with itheut relatively sound 1.15
Wuhan  Wangjiadun bUSIn(avvful ordinary 35500 with  without unsound 0.35

CBD

3.2Model Test
The multiple correlation coefficients can be cadtet using Expression (6) as:

©)

From this we know that the calculation accuracg@felopment coefficient is high.

Through Expression (7), we can obtain the variaﬂ(z:eand variance ratiooiz/og of each factor (Table 2).
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Table 2 Variance and Variance Ratio of Each Factor

Influence Factor o’ o’/a;
climate 0.0395 0.2926
geological conditions 0.0146 0.1081
economy 0.0613 0.4541
metro 0.0253 0.1874
important historical events 0.0289 0.2141
laws and regulations 0.0107 0.0793

Model variance test shows that six factors havgingrdegrees of effect on development coefficidmhong these
factors, economy is the most influential one, falal by climate. Important historical events and rmdtave
relatively obvious effect while laws and regulascend geological conditions have the least effactirmderground
space development [11].

3.3Evaluation of Underground Space Development inigkgu
If we substitute relevant data from Nanjing Xingek(i.e. characteristic values shown in Table 8) Expression (8)
[12], we can get:

a =1.02566"
Table 3 Characteristic Valuesin Nanjing Xinjiekou
i o, 0 3, 0
climate metro
o, 1 0, 1
0, O O, O
geological conditions historical events
5, 1 o, 1
o, 1 _ o, 1
economy laws and regulations———
o, O 6, O

From Expression (8), we can know the maximal valtieglevelopment coefficient is 1.19 and that develept
coefficient of underground space development injigkou is 1.025667. Therefore, we can say that ld@veent
level of underground space in Xinjiekou is high dinere is also huge potential for further developniere.

CONCLUSION

In this research, the author puts forward the cphoé underground space development coefficientsuees the
comprehensive effect of various factors on undenggospace development in urban centers by usinglof@went
coefficient; uses quantification theory to estdblihhe analysis and evaluation model of undergrospdce
development coefficient; carries out calculatiosig relevant data from 12 urban centers in Chiuantifies the
effect of six types of factors on urban centerseugrbund space development and comes to a concltis#d
economy is the most influential factor, followed lbiimate[13]. Important historical events and metrave
relatively obvious effect while laws and regulascend geological conditions have the least effactimderground
space development. Finally, the author makes aionis by using relevant data from Nanjing Xinjiekand
obtains the evaluation results of underground spgagelopment in Xinjiekou.
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